The adaptive trade-off between exploration and exploitation is a key component in models of reinforcement learning. Over the past decade, these models have been applied to the study of reward-seeking behavior. Drugs of addiction induce reward-seeking behavior and modify its underlying neurophysiological processes. These neurophysiological changes may underlie a behavioral shift from a flexible, exploratory mode to a focused, exploitative mode, which precedes the development of inflexible, habitual drug use. The goal of this study was to investigate the relationship between explore/exploit behavior and drug addiction by examining the neural correlates of this behavior in cigarette smokers. Participants (n ¼22) with a range of smoking behaviors completed a smoking dependence motives questionnaire and played a 6-armed bandit task while undergoing functional magnetic resonance imaging (fMRI). Exploratory behavior produced greater activation in the bilateral superior parietal and bilateral frontal cortices than exploitative behavior. Exploitative behavior produced greater activation in the bilateral superior and middle temporal gyri than exploratory behavior. fMRI data and orthogonalized smoking dependence motive scores were entered into multiple linear regression analyses. After controlling for nicotine tolerance, smoking automaticity positively correlated with activation in the same bilateral parietal regions preferentially activated by exploratory choices. These preliminary results link smoking dependence motives to variation in the neural processes that mediate exploratory decision making.
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Introduction
Drugs of abuse induce reward-seeking behavior, but modify its underlying neurophysiological processes and therefore constitute an aberration of natural reinforcement learning (Schultz, 2011) . Over the past decade, theories of reinforcement learning have been applied to the study of reward-seeking behavior (McClure et al., 2003; Ramnani et al., 2004) , and these learning theories have direct implications for the study of drug addiction (Redish, 2004; Schultz, 2011 ). An essential component of reinforcement learning is the explore/exploit trade-off. Preliminary work has shown smoker/ nonsmoker differences in explore/exploit behavior (Addicott et al., 2013) ; however, the underlying neural basis for these differences has not been investigated. This research is necessary in order to understand how substance dependence affects reinforcement learning, which could inform new therapeutic interventions.
Reinforcement learning is a process of interacting with the environment to learn what actions will maximize rewarding outcomes (Sutton and Barto, 1998) . Without prior knowledge of the environment, one must explore options to discover the resulting outcomes and subsequently exploit options with a history of some reward. In a constantly changing world, behavior must be adapted to changes in reward outcomes in order to maximize gain and minimize loss. When rewards diminish over time, a decision is needed to either continue exploiting the known option or to risk exploring other options. Exploration maximizes information about alternative options, but runs the risk of not discovering an option with a more Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/psychresns
